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UDQ PXOWLSOH VLPXODWLRQ PRGHOV WR LGHQWLI\ WKH UHODWLYH LPSRUWDQFH RU LQIOXHQFHV RI EXLOGLQJ IRUP SDUDPHWHUV
0F.HHQDQG)XQJ¶V UHVHDUFK>@ LQGLFDWHV WKDW WKHKHDWLQJHQHUJ\ZRXOG LQFUHDVHZLWKDQ LQFUHDVH LQDVSHFW UDWLR




FRPPHUFLDO EXLOGLQJ E\ FRQVLGHULQJ UHODWLYH FRPSDFWQHVV ZLQGRZZDOO UDWLRQ DQG JOD]LQJ VRODU KHDW JDLQ
FRHIILFLHQW&DWDOLQDHW DO >@FUHDWHGDTXDGUDWLFPRGHO IRUFDOFXODWLQJHQHUJ\XVHDVD IXQFWLRQRIZLQGRZIORRU








VWXG\ ORFDWHG LQ+DUELQ 1RUWKHDVW&KLQD NQRZQ IRU LWV FROGHVWZHDWKHUDPRQJPDMRU&KLQHVHFLWLHV7KHRIILFH
EXLOGLQJVDUHDVVXPHGWRKDYHUHFWDQJXODUVKDSHE\FKDQJLQJLWVDVSHFWUDWLRZLQGRZZDOOUDWLRQXPEHURIIORRUV
RULHQWDWLRQ DQG RYHUDOO VFDOH 7KUHH RXWSXW SHUIRUPDQFH LQGLFDWRUV DUH FKRVHQ LH DQQXDO KHDWLQJ FRROLQJ DQG
HOHFWULFLW\SHUIORRUDUHD
(QHUJ\PRGHOV
,W LVDVVXPHGWKDW WKHRIILFHEXLOGLQJVDQDO\]HGLQWKLVVWXG\DUHFRQVWUXFWHGDIWHU+HQFH WKHVHEXLOGLQJV
VKRXOGPHHW WKHGHVLJQ VWDQGDUG IRUHQHUJ\HIILFLHQF\RISXEOLFEXLOGLQJV LQ&KLQD >@7KHPDLQSDUDPHWHUVDQG
GHWDLOHGVFKHGXOHVDUHREWDLQHGIURPWKLVHQHUJ\HIILFLHQF\VWDQGDUG>@7KH8YDOXHVRIEXLOGLQJHQYHORSHDUHDV
IROORZV ZDOO	 JURXQG :P. URRI :P. ZLQGRZ :P. 7KH SHDN JDLQV IURP OLJKWLQJ DQG
HTXLSPHQWDUH:PDQG:PUHVSHFWLYHO\7KHRFFXSDQWGHQVLW\LVPSHUVRQ7KHKRXUO\VFKHGXOHVIRU
DOOWKHLQWHUQDOKHDWJDLQVLQFOXGLQJRFFXSDQWVOLJKWLQJDQGHTXLSPHQWDUHGHULYHGIURPWKHVDPHVWDQGDUG>@$
IDQFRLO V\VWHP LV XVHG WR SURYLGH KHDWLQJ FRROLQJ DQG YHQWLODWLRQ IRU WKHVH EXLOGLQJV$Q HOHFWULF VFUHZ FKLOOHU
SURYLGHVFRROLQJDQGDJDVIULHGERLOHUVXSSOLHVKRWZDWHUWRPDLQWDLQLQGRRUWKHUPDOFRPIRUW7KLVIDQFRLOV\VWHP




DUH ORFDWHG DW +DUELQ &KLQD GHILQHG DV ³VHYHUH FROG UHJLRQ´ >@ 7KH DQQXDO  GU\ EXOE WHPSHUDWXUH IRU
GHVLJQLQJKHDWLQJ V\VWHPV LV R&ZKLOH WKHFRROLQJGU\EXOE WHPSHUDWXUH LVR& >@7KH VLPXODWLRQ
ZDVFDUULHGRXWZLWK(QHUJ\3OXVSURJUDPGHYHORSHGE\86$'HSDUWPHQWRI(QHUJ\>@)LJXUHVKRZVWKHGDLO\
DYHUDJHGU\EXOEWHPSHUDWXUHDQGWRWDOGDLO\KRUL]RQWDOVRODUUDGLDWLRQLQ+DUELQ
184   Lai Wei et al. /  Procedia Engineering  146 ( 2016 )  182 – 189 
 
)LJ'DLO\DYHUDJHWHPSHUDWXUHDQGWRWDOGDLO\KRUL]RQWDOUDGLDWLRQLQ+DUELQ
7DEOH  VKRZV WKH UDQJH RI LQSXW IDFWRUV UHOHYDQW WR EXLOGLQJ IRUPV FRQVLGHUHG LQ WKLV VWXG\ 8QLIRUP
GLVWULEXWLRQV DUH DVVXPHG LQ DOO WKHVH HLJKW IDFWRUV DV WKH SUREDELOLW\ RI WKHLU RFFXUUHQFH HTXDOV LQ GHVLJQ SKDVH
/DWLQK\SHU FXEH VDPSOLQJ PHWKRG LV XVHG WR SURSDJDWH LQSXW IDFWRUV EHFDXVH RI LWV HIILFLHQW VWUDWLILHG VDPSOLQJ
VWUDWHJ\ >@ 7KH VDPSOLQJ VL]H LV  EDVHG RQ WKH UHFRPPHQGDWLRQ DW OHDVW  WLPHV RI LQSXW QXPEHUV IURP
/RHSSN\HWDO>@7KH(QHUJ\3OXVPRGHOVFDQQRWEHFUHDWHGPDQXDOO\DVPRGHOVUHTXLUHGLQWKLVUHVHDUFK5
SURJUDP >@ ZDV XVHG DV D WH[W HGLWLQJ ODQJXDJH WR DXWRPDWLFDOO\ FRQVWUXFW WKHVH  HQHUJ\ PRGHOV 5 LV D
ODQJXDJH DQG HQYLURQPHQW IRU DGYDQFHG VWDWLVWLFDO FRPSXWLQJ ZKLFK LV DOVR XVHG IRU VHQVLWLYLW\ DQDO\VLV DQG
FRPSDULVRQRIPRGHOVGHULYHGIURPPDFKLQHOHDUQLQJPHWKRGV
7DEOH9DULDWLRQVRILQSXWSDUDPHWHUVIRUEXLOGLQJHQHUJ\DVVHVVPHQW
9DULDEOHV 6KRUWQDPHV 7\SH 5DQJH
$VSHFWUDWLR $5 &RQWLQXRXV OHQJWKZLGWK
1RUWKZLQGRZZDOOUDWLR *1 &RQWLQXRXV a
6RXWKZLQGRZZDOOUDWLR *6 &RQWLQXRXV a
(DVWZLQGRZZDOOUDWLR *( &RQWLQXRXV a
:HVWZLQGRZZDOOUDWLR *: &RQWLQXRXV a
1XPEHURIIORRUV 1) 'LVFUHWH a
2ULHQWDWLRQ 27 &RQWLQXRXV aRGHQRWHVQRUWK
%XLOGLQJVFDOH 6/ &RQWLQXRXV aP PDLQIORRUDUHD

6WDWLVWLFDOPHWKRGV
7ZR W\SHV RI VWDWLVWLFDO PHWKRGV ZHUH XVHG LQ WKLV UHVHDUFK LH VHQVLWLYLW\ DQDO\VLV DQG VWDWLVWLFDO PDFKLQH




6HQVLWLYLW\DQDO\VLVFRQGXFWHG LQ WKLVSDSHU LV WKH WUHHG*DXVVLDQ3URFHVV WJSPHWKRG >@ZKLFKEHORQJV WR
JOREDOVHQVLWLYLW\DQDO\VLV WRH[SORUH WKHHQWLUH LQSXWVSDFHE\FKDQJLQJ LQSXWYDOXHVDW WKHVDPH WLPH7KH6RERO




PHWKRG LV WRR FRPSXWDWLRQDOO\ H[SHQVLYH IRU EXLOGLQJ HQHUJ\ PRGHOV +HQFH D PHWDPRGHO LV ILUVWO\ FUHDWHG E\
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EHWZHHQ LQSXWV DQGRXWSXWV > @$QXPEHURIPHWKRGV DUH DYDLODEOH >@6L[ DSSURDFKHV DUH FKRVHQ LQ WKLV
VWXG\EDVHGRQWKHLUOHYHOVRIIOH[LELOLW\DQGFRPSXWDWLRQDOFRVW$PRUHIOH[LEOHPDFKLQHPRGHOXVXDOO\QHHGVPRUH
SDUDPHWHUVWREHWXQHG$VDUHVXOWWKH\QHHGPRUHFDOFXODWLRQWLPHWRREWDLQWKHVHPRGHOV,WLVZRUWKQRWLQJWKDWD
KLJKO\ IOH[LEOHPRGHO LV QRW QHFHVVDULO\ DPRUH DFFXUDWHPRGHO IRU WKHSUHGLFWLRQRI QHZRXWRIVDPSOLQJ LQSXWV
7KLV LVPDLQO\GXH WRRYHUILWWLQJIRUKLJKO\ IOH[LEOHPHWKRGV7KHILUVWPHWKRG LVD IXOO OLQHDUPRGHOREWDLQHGE\
XVLQJWKHFODVVLFDOOHDVWVTXDUHPHWKRG7KHUHPDLQLQJILYHPRGHOVDUHQRQSDUDPHWULFWREHH[SHFWHGWRDFFRXQWIRU
QRQOLQHDU UHODWLRQVKLSV EHWZHHQ LQSXWV DQG RXWSXWV LQFOXGLQJ 690 VXSSRUW YHFWRU PDFKLQH *3 *DXVVLDQ
SURFHVV5)UDQGRPIRUHVW0$56PXOWLYDULDWHDGDSWLYHUHJUHVVLRQVSOLQHVEDJJLQJ0$56>@690LVYHU\
SRSXODU LQVXSHUYLVHG OHDUQLQJZKLFKSURGXFHVQRQOLQHDUERXQGDULHVE\FRQVWUXFWLQJD OLQHDUERXQGDU\ LQD ODUJH
DQGWUDQVIRUPHGYHUVLRQRIWKHIHDWXUHVSDFH*3PRGHOJHQHUDOL]HVPXOWLYDULDWH*DXVVLDQGLVWULEXWLRQVRYHUILQLWH
GLPHQVLRQDO YHFWRUV WR LQILQLWH GLPHQVLRQDOLW\ZKLFK LV QRZZLGHO\XVHG LQ WKHPDFKLQHOHDUQLQJ ILHOG5) LV WR
EXLOG D ODUJH FROOHFWLRQ RI GHFRUUHODWHG WUHH PRGHOV DQG FRQVHTXHQWO\ DYHUDJH WKHP LQ RUGHU WR LPSURYH WKH
DFFXUDF\ RI VWDWLVWLFDO OHDUQLQJ PRGHOV 0$56 PHWKRG FRPELQHV VSOLQH UHJUHVVLRQ VWHSZLVH PRGHO ILWWLQJ DQG




WRH[SODLQ WKHSHUFHQWDJHRIYDULDWLRQVRIRXWSXWXVLQJD VWDWLVWLFDOPRGHO$VD UHVXOW ORZHU506(PHDQVEHWWHU















































D[LV LV WKH LQSXW YDULDEOHV DQG WKH YHUWLFDO D[LV LV WKH WRWDO HIIHFWV IRU WKH FRUUHVSRQGLQJ YDULDEOHV$ ODUJHU WRWDO
HIIHFWLQGLFDWHVDPRUHLPSRUWDQWYDULDEOH7KHER[SORWVLQWKHILJXUHVKRZVWKHYDULDWLRQVRIWRWDOHIIHFWVXVLQJWKH






LQFUHDVHGIURPRQH WR WKUHH7KLV WUHQGVORZHGGRZQ IRUKLJKHUQXPEHURI IORRUV LQRIILFHEXLOGLQJV7KLVFDQEH




LQ QXPEHU RI IORRUV IRU ORZHUOHYHO EXLOGLQJV 7KLV WUHQG VORZHG GRZQ WRR VLPLODU WR WKH SDWWHUQV VKRZQ LQ WKH
VHFRQGVXESORWLQ)LJXUH7KHVHFRQGFUXFLDOIDFWRULVWKHEXLOGLQJRYHUDOOVFDOH6/7KHWKLUGVXESORWLQGLFDWHV
WKDW WKHUH LV DQ DSSUR[LPDWH OLQHDU UHODWLRQVKLS EHWZHHQ WKH EXLOGLQJ VFDOH DQG KHDWLQJ HQHUJ\ LQWHQVLW\ 7KH
UHPDLQLQJ IDFWRUV KDYH FRPSDUDWLYHO\ VPDOO LQIOXHQFHV IRU KHDWLQJ HQHUJ\ SHU XQLW RI IORRU DUHD LQ WKHVH RIILFH
EXLOGLQJV










































































DUHD LQRIILFHEXLOGLQJV7KHPRVWFULWLFDO IDFWRUIRUFRROLQJHQHUJ\ LV WKHEXLOGLQJRYHUDOOVFDOH 6/ LQ WKLVFDVH
7KHFRROLQJHQHUJ\ LQWHQVLW\ZRXOGGHFUHDVHZLWKDQ LQFUHDVH LQEXLOGLQJVFDOH IRURIILFHEXLOGLQJVEHFDXVH ODUJH
EXLOGLQJVWHQGWRKDYHDKLJKHUQXPEHURIIORRUVWKDWOHDGVWRDPRUHFRPSDFWEXLOGLQJ7KHIROORZLQJWZRFUXFLDO
YDULDEOHV DUH WKH ZHVWIDFLQJ DQG HDVWIDFLQJ ZLQGRZZDOO UDWLRV RI D EXLOGLQJ *: DQG *( %\ FRQWUDVW WKH
ZLQGRZ DUHDV LQ VRXWK DQG QRUWK VLGLQJV KDYH OHVV LQIOXHQFH RQ WKH FRROLQJ HQHUJ\ 7KLV LQGLFDWHV WKDW EXLOGLQJ
GHVLJQHUV VKRXOG SD\ PRUH DWWHQWLRQ WR WKH HDVW DQG ZHVW ZLQGRZV LQ RUGHU WR UHGXFH FRROLQJ ORDGV LQ RIILFH
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RIILFHEXLOGLQJVEHFDXVHWKH5IRUKHDWLQJHQHUJ\IURPDEHVWPRGHOLVKLJKHUWKDQWKDWIRUFRROLQJDQGHOHFWULFLW\
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WKH UHODWLRQVKLS EHWZHHQ EXLOGLQJIRUPSDUDPHWHUV DQG WKUHH RXWSXW SHUIRUPDQFH LQGLFDWRUV LH KHDWLQJ FRROLQJ
DQGHOHFWULFLW\LQRIILFHEXLOGLQJV,WLVIRXQGWKDWWKHQXPEHURIIORRUVLVWKHPRVWLQIOXHQWLDOYDULDEOHWRWKHDQQXDO
KHDWLQJHQHUJ\XVHLQWHQVLW\ZKHUHDVWKHRYHUDOOEXLOGLQJVFDOHLVWKHPRVWLQIOXHQWLDOWRERWKFRROLQJDQGHOHFWULFLW\
7KH FRPSDULVRQ RI UHVXOWV IURP VL[ PDFKLQH OHDUQLQJ PHWKRGV LQGLFDWHV WKDW WKH EDJJLQJ 0$56 0XOWLYDULDWH
$GDSWLYH5HJUHVVLRQ6SOLQHV0$565) UDQGRP IRUHVW DUH WKHPRVWHIIHFWLYHPRGHOV LQSUHGLFWLQJ WKHDQQXDO
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$FNQRZOHGJHPHQWV
7KLV UHVHDUFK LV VXSSRUWHG E\ WKH 7LDQMLQ 5HVHDUFK 3URJUDP RI $SSOLFDWLRQ )RXQGDWLRQ DQG $GYDQFHG
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(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW
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